The use of DVB-S and DVB-RCS 
Introduction
The use of DVB-S and DVB-RCS for conducting two-way communications from small satellite terminals has become well established. During the development of DVB-RCS [1] , the possibility of limited use for satellite terminals that were moving was considered in January 2004 and, after some discussion, incorporated into the Annex of the Guideline document associated with the Standard in April 2005 [2] . When this limited capability to handle mobile user terminals was incorporated into Annex L of the DVB-RCS Guideline document it was noted that, with regard to the (ETRI 3 ) contributions on the matter covering mobility for antenna size could be generally lower for this market than for the individual user terminal market (e.g. the car based market). A potential market that is gaining increasing interest is the governmental/military satellite communication market. This system spans all mobile domains, initially using commercial FSS satellites. 
Consideration of Commercial Requirements
In considering further the mobility interest in DVB RCS the DVB Commercial Module (DVB-CM) addressed some key specific points. First the technical specifications need to be defined for the following commercial requirements which cover the interests of end users, service providers and network operators. In addition the technical recommendations shall not prevent service providers and network operators from taking into account all issues covered by local and national laws. The main issues for the DVB-RCS+M specification, or just RCS+M, are summarized below:
1. RCS+M focuses on the identified market segments and targeted services listed above.
2. It specifies Quality of Service classes supporting services with real-time requirements, and services with non real-time requirements.
3. RCS+M is neutral with respect to applications 4. It ensures interoperability between multiple vendor satellite user equipment.
5. It ensures provision of secure transactions between end users and service providers, authentication, integrity, and confidentiality, and non-repudiation of the services, and prevention of unauthorised access.
6. RCS+M may not pose additional requirements on standards or equipment not intended for mobile use.
7. It aims at minimising changes to existing standards, focussing only potential essential changes required e.g. to meet regulatory requirements. It also aimed at adopting, where relevant, mechanisms and mobility-relevant aspects from other existing international standards..
8.
Adaptations/changes to existing standards addresses the following technical issues, already identified in the mobile RCS study mission report:
-Mobile satellite channel impairments, Doppler effect, Mobility management, and regulatory environment.
9. Interoperability between DVB-RCS+M systems for different segments is secured as required.
10. Has well defined internal interfaces 11. Allows for terminal upgrades through reliable downloads of new terminal operational software and application software.
12. Adresses remote monitoring and configuration of the satellite user equipment.
13. It meets all appropriate regulatory requirements set forth by international regulatory bodies (ITU, CEPT, FCC, etc).
14. Has a limited number of profiles to reduce possible variants of equipment 15. Maximises the elements of commonality between the different profiles. 17. RCS+M allows the usage of several end-user equipments connected to the terminal through standard WLAN or wired LAN technologies.
It was also agreed to consider an SCPC (continuous carrier) configuration of DVB-RCS employed on a fixed traffic allocation basis to provide a more efficient system when high levels of aggregated traffic is experienced (for example on cruise liners). 
Consideration of Annex L of the current DVB-RCS Guidelines document
The previous DVB-RCS Guidelines Document [2] advises on how mobile users may adopt DVB-RCS but such use is restricted due to a number of assumptions and approaches contained in the Guidelines, namely: Thus the use of Annex L of that Guidelines Document still results in a non-optimum arrangement for mobile users and fails to deliver a clear and unambiguous standard to meet various mobile operational environments.
Updating of the DVB-2 and DVB-RCS for mobile users
A review of the appropriate documentation was done and results in the following key points that need addressing:
1. Network wide issues needed to be addressed, as there is a need to accommodate both fixed and mobile terminals within the network and the Hub may need to be modified to handle this feature. 2. Need to handle hand-off between beams which was currently not supported or described in any specific detail to ensure interoperable implementation. Thus elements of handover management, detection and preparation of beam handover and handover execution with its associated signalling needed addressing. 3. Consider modulation/demodulation robust to frequency offset, especially at low data rates where the Doppler shift is significant and timing uncertainties are higher. 4. Introduce elements that address the terminal location and velocity as well as the use of Doppler pre-compensation to adequately handle Network Clock Reference (NCR) clock recovery and other timing issues. 5. An issue arises with synchronisation, both acquisition and maintenance of it.
Introduction of an additional guard time to cater for this could result in a large overhead to the throughput. 6. A robust protocol was required to maintain the connection during the short but frequent non-LOS induced log-on/off cycling. 7. Address the control of signal and traffic flows, as unacceptable transmission stops will otherwise occur during fast fading. 8. Consider not only AWGN or slow fading but some mobile applications require transmission over fast-fading channels with the potential of shadowing. Need to consider both LOS and non-LOS propagation conditions, consequently countermeasure such as interleaving may need to be developed and included in the standard. 9. For operation with very small aperture antennas it was seens as likely that some form of additional spectrum spreading to meet off-axis EIRP spectral density limits may be required on the Forward Link (DVB-S2) and to a higher degree on the Return Link (DVB-RCS). As this can result in significant bandwidth expansion its use should be kept to essential cases. Common mobile satellite channel characteristics for each state could be described as in Table  2 . The channel model for moving vehicles such as bus, ship, or train, can be successfully modelled with a three state Markov-Chain model, covering both LOS and Non-LOS cases.
Detailed Technical Considerations
Channel state transition and occupancy probabilities depend on the considered propagation environment by channel correlation and Doppler spectrum. Generally, high speed trains cause a smaller fading time correlation and results in lower fade durations. As the train moves along the railroad, nearly space-periodic fading events are experienced whenever the line-of-sight between the train antenna and the satellite is shadowed by various obstacles like electric trellis bridges or overhead cable posts with bracket. This can induce peculiar fading occurrence that affects the system performance remarkably as the deep fading due to periodic fade occurrences with the rate proportional to the train speed and the power arch spacing is superimposed on the statistical mobile satellite channel factor. In fact, when the train approaches the power arches, knife-edge diffraction affects the transmitted signal producing a space-varying attenuation that depends on the structure. Table 3 The impact of power arches
In Table 3 , the occurrence of fading events and the time required to cross the Fresnel zone due to two different power arch topology are presented as a function of the train speed (considering the distance between two consecutive power arches equal to 50m).
In particular, two fade widths of 0.5 and 1.0 m have been chosen to take into account the most typical railroad layouts, which produces typical attenuations of 3 dB (post with bracket), 8dB (Electric Trellis Bridge) respectively.
Considering these parameters, it can be seen that in the worst case scenario, which refers to a train speed of 300 km/h and to a fade width of 0.5m the fading events occur every 600 ms and last for 6 ms.
In a burst transmission like DVB-RCS system, fade occurrences cause packet loss more frequently than normal, since in most cases of this kind of transmission, the length of an ATM/MPEG packet is usually within the fade duration, one or more packets can suffer from deep fading over the fade duration. Therefore, the worst case occurs when the train speed is high and the fade is deep in the burst transmission.
For more detail on the specifics of propagation effects see references [9] [10] [11] [12] [13] , see also [18] for some simulation results. Figure 6 illustrates the effects of receiver speed on PER with a 250 kbaud signal under LOS propagation. We see that with Doppler spread a performance degradation occurs compared to the fixed terminal service case. Therefore, the Eb/No value has to be increased provide a good QoS. As can be noted from the figure there are losses of around 1.8dB and 2.3 dB respectively when considering speeds of 300 km/h and 160 km/h due to the lower fade correlation. 
Modem performance

Synchronisation
Another point has to be considered to support the mobile environment is time accuracy. An initial log-on position may be different from time to time in mobility condition. And a satellite beam coverage usually ranges from hundreds kilometres to thousands kilometres in diameter. So even in the same satellite beam coverage, in contrast to the fixed service, there is a significant time difference in travelling between Hub and terminal and it varies according to the terminal's initial log-on position. It turns out the initial acquisition of synchronization needs to be automatically accommodated upon the knowledge of initial position and velocity.
Positioning system (such as GPS, Galileo) may be employed in the terminal to predict and pre-compensate the time difference for initial synchronization, but the reasonable positioning knowledge is not always available by GPS receiver. The velocity and acceleration information should be available to the terminal and possibly to Hub for current initial synchronization.
Handover
The mobile terminal should be handed over from one beam to another (i.e. from one transponder to another) as the mobile terminal moves between the satellite coverage areas. Therefore DVB-RCS+M had to take into consideration the handover between beams that is required in the multi-beam systems that are expected to be active in the next few years.
Power control
A closed loop power control method is employed in DVB-RCS, but this method is not very suited to the mobile terminal. Since the mobile terminal should be able to access the hub system in any satellite coverage or any channel condition (cloud, rain fading etc.), the power level of the terminal should be always kept to the level of access allowance regardless of mobility. The probability of initial access failure may be increased if the power level is not properly controlled. For this reason, the continuous performance of mobile terminal needed to be improved by using, for example, an open-loop power control method.
Impact on the Gateway/NCC
Mobility has a small impact on the Gateway/NCC design/operation. The additional functions include:
 Physical layer adaptations, e.g. spectrum spreading
 Forward link and return link handover  Modified traffic routing/buffering within the Gateway (associated with the forward link handover)
 Additional signalling generation and distribution (associated with the forward link handover)
 New resource control functions (logical resources associated with both forward link and return link handover, physical resources associated with the return link handover)
 Event synchronisation (to support both forward and return link handover).
Resource Allocation
A special resource allocation protocol will be required in order for the NCC to decide whether it should allocate capacity to terminals which operate in bad propagation environments. This will require a decision to be made on whether the blocking of the signal is temporary with small duration or has longer duration. Thus, an enhancement of the present standard is required to overcome the forward and return link signal blocking and the critical subsequent problems on traffic performance. The main focus required here was to devise a unified protocol-level approach for resolving the emerging problems. Reference [15] gives some further background on this subject.
Diversity Considerations
Various type of diversity are in principle possible [14] . Realistically however, the space diversity option is not very applicable to most mobile systems because of the high cost of the terminal antenna arrangement. Delay diversity for DVB-RCS is a viable option but needs to be done in an intelligent manner in order to save bandwidth. If it is implemented in an efficient manner it can safeguard against the periodic fading events along the rail track as well as against signal blockage in tunnels.
Application Layer FEC
It is possible that Application Layer FEC may be advantageous at upper layer level to recover packet losses, especially in a mobile application. Use in the Forward Link may be attractive in order to cope with packet loss due to fading. Raptor codes have been recently adopted as application layer FEC in the frame of the 3GPP MBMS (Multimedia Broadcast/Multicast Services) [16] . The associated overhead is low and in addition it has low hardware and software complexity required for the encoding /decoding operation with respect to other coding alternative. An additional important characteristic of Raptor codes is the fact that the code is systematic thus allowing information packets to be recovered even by receivers not equipped with Raptor Decoders provided that no packet loss is experienced for that receiver.
A long block coding approach operating at the MAC layer has also been standardised in DVB-H, i.e. the MPE-FEC. This code operates on MPE sections. An MPE-FEC frame is arranged as a matrix with 255 columns and a flexible number of rows with each matrix position corresponding to a byte.
Thus, it appears that long block coding like Raptor codes represent a valid countermeasure against the periodic fading encountered in a railway environment which is suitable for several applications in addition to the reliable multicasting [17] applications for which it was originally devised. Consequently Application Layer FEC has been incorporated in the specification.
Spreading
To accommodate the use of small terminals, a DVB-S2 forward link transmission can for RCS+M be spread in bandwidth. This allows not increasing the power density but the penalty is, of course, increased bandwidth. The following diagram is representative of a possible implementation of the spreading functionality that can be added to a DVB-S2 compliant modulator and demodulator. This is considered representative of practical implementations (alternative schemes are possible provided the signal transmitted is equivalent). The speading part was one of the issues one considered might need the DVB TM-S2 group to reopen the DVB-S2 specification, but the in the way finally done, the signal coming out from the receiver spreading chain can be processed by a classical DVB-S2 receiver. A two step approach was adopted for the standards work. The first step covered modification for maritime and aeronautical use (i.e. predominantly LOS services) with train based standards (predominantly non-LOS) services being handled in the second stage. Furthermore, a work programme was developed along the following lines:
DVB-S2 MODULATOR
1. Development of a Standard document proper, in a form that includes the "base" standards by reference and defining special functionality directly. This document would be delivered to the TM in two versions; the first would only address line-of-sight environments in full detail. The second version would address non-line-of-sight environments as well, and will be built from the first version while observing backwards compatibility. This done in a manner similar to that adopted for DVB-H and DVB-T, except the published ETSI document would cover both aspects.
2. A guidelines document, containing explanatory material, implementation suggestions and preferred ways of operating systems; in the same manner as the existing DVB-RCS and DVB-S2 guidelines.
Thus a revised version of EN 301 790 has been produced which is version V1.5.1 and it has been published in the DVB Blue Book as document A054r4.1 [19] and at the time of writing this article was completing the ETSI One-step Approval Procedure. The revisions contain some general changes as well as some specific to mobility and these are depicted in figures 8 and 9. The scope of this revised document can be readily appreciated by consideration of the RCST compliance table given in Table 4 . In addition to the standards the Guidelines document [20] has been updates and a separate Guidelines document prepared for the mobile scenarios [21] . The reader is encouraged to refer to these two documents for further details. They are available from the DVB Blue book and are at the time of writing this article going through the ETSI publication and approval procedures.
Conclusions
In conclusion, it is considered that DVB-S2 & DVB-RCS can now meet the demanding needs of mobile users. The proposed system configuration together with the related estimated service coverage and user traffic requirements, have been being addressed. The main system parameters, i.e. the system architecture and the operational requirements, common to the three envisaged scenarios, i.e. aeronautical, maritime and land mobile scenarios, have been presented.
Regulatory aspects, especially EIRP spectral density limits, have a profound affect upon the system architecture and performance/capacity and as a consequence special measures have been adopted when developing the standard. This is particularly true at Ku-Band and to a lesser extent at Ka-Band.
The plethora of recent and ongoing R&D activities and trials, as well as the existence of several (proprietary) commercial systems, indicates that there is substantial interest in such systems. It is therefore extremely likely that this new open standard could bring the familiar benefits of economies of scale and vendor independence to such systems.
The RCS+M update is currently the largest and most substantial update of the DVB-RCS specification. With the recent Call for Technologies for Next Generation, RCS+M will be brought forward also to the next generation DVB satellite communications, underlining also the revitalization of the open multivendor DVB-RCS standard for the future international satellite community.
